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Abstract
The effect of frailty on short and long term results of interventional treatment of coronary heart disease is not well defined. The
evaluation of frailty may be helpful in appointment of most suitable treatment option and timing of patient follow-up. The frailty
syndrome in daily practice of interventional cardiology ward (FRAPICA) study objective is to evaluate prognostic capability of the Fried
frailty scale and instrumental activities of daily living scale (IADL) in elderly patients with symptomatic coronary heart disease.
This is a single center, prospective, observational study. Patients aged ≥65 years are eligible. The objectives are to report Fried
frailty scale and IADL scale dispersion before hospital discharge and to assess predictive impact of both scores. The endpoints are:
success of interventional treatment, its complications (procedure related myocardial infarction, dye-induced renal function
deterioration, loss of blood), 3-year mortality, either all-cause and cardiovascular, re-infarction, re-intervention, stroke, new-onset
heart failure, any hospital readmission, and a combination of all above mentioned. Secondary analyses will focus on distinct clinical
patient presentations, sub-classifications of frailty for modeling of long-term risk.
FRAPICA trial will improve understanding of the associations between frailty syndrome, cardiovascular system diseases, their
invasive treatment, and short and long-term outcomes. It will allow for more individualized assessment of risk and will identify new
goals for interventions. (ClinicalTrials.gov Identifier NCT03209414)
Abbreviations: CESD-R = the Center for Epidemiologic Studies Depression Scale Revised, cfPWV = carotid femoral pulse wave
velocity, CSHA = Chinese–Canadian Study of Health and Aging, FEV1 = 1 second forced expiratory flow, FRAPICA = frailty
syndrome in daily practice of interventional cardiology ward, IADL = instrumental activities of daily living, NSTEMI = non ST-elevation
myocardial infarction, PEF = peak expiratory flow, STEMI = ST-elevation myocardial infarction.
Keywords: arterial stiffness, biomarkers, coronary artery disease treatment, fried frailty phenotype score, instrumental activities of
daily living score, risk stratification
1. Introduction
Frailty gains growing attention of clinical research community as
society of developed countries and their cardiovascular patients
are aging. Frailty syndrome is characterized by reduced
physiological reserve and increased susceptibility to various
stressors.[1] Several diseases, either acute or chronic, or iatrogenic
circumstances may act as stressors. Frail patients, after being
exposed to such stressors, may react with incommensurate
decompensation, and adverse outcomes. They are at higher risk
of procedural complications, long-lasting recovery, functional
deterioration, physical disablement, and increased risk of
death.[2] The syndrome is frequently associated with comorbid-
ities.[3] Symptomatic coronary heart disease, either stable or
unstable, is the prevailing disease unit among elderly patients.
Inversely, data on prevalence of phenotype frailty among patients
aged ≥65, who underwent percutaneous coronary angioplasty
were recently published.[4] Gharacholou et al[4] reported that
approximately 20% of those patients is frail. Moreover, frail
patients have greater comorbid burden and greater angiographic
coronary artery disease intensity. However, commonly used risk
stratification scales, like Syntax,[5] Euro,[6,7] or GRACE[8] use
patient’s age as a major determinant of risk, but they do not
incorporate the frailty traits into the risk assessment. Technical
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development has allowed more patients to become eligible for
interventional treatment.[9,10] As medical innovations are cost
consuming, the individual benefits of suchmedical procedures are
not well defined in particular patient populations. Thus, we need
to operationalize more detailed patient selection.
The objectives of the study are to report Fried frailty scale and
instrumental activities of daily living (IADL) scale dispersion
before hospital discharge and to assess the predictive impact of
both scores in a population of elderly patients with symptomatic
coronary artery disease.
2. Materials and methods
2.1. Patient population
The FRAPICA trial is a single center, observational, prospective,
study. One thousand patients aged ≥65 years with symptomatic
coronary heart disease will be enrolled. Patients with all clinical
presentations of coronary artery disease are eligible. Stable
coronary heart disease is diagnosed on the base of exercise induced
ischemia, resolvingafter rest.Acute coronarysyndrome includes ST
segment elevationmyocardial infarction, non-ST segment elevation
myocardial infarction and clinical presentation of unstable angina.
The latter is characterized bymyocardial ischemic pain at rest or at
minimal physical activity in the absence of myocardial necrosis.
Non-ST segment elevation myocardial infarction is diagnosed in
patients with symptoms of ischemia, electrocardiographic abnor-
malities such as ST-segment depression, inversion of T wave,
flattened T wave, pseudo-normalization of previously negative T
waves, and presence of cardiomyocyte necrosis. ST-segment
elevationmyocardial infarction is diagnosedwhen acute precordial
pain (>20minutes), persistent ST-segment elevation, cardiomyo-
cyte necrosis, and typical angiographic findings are present.[11]
Either femoral or radial approaches are acceptable—the choice of
puncture site depends on patient’s or operator’s preference and
basically on medical conditions. Only patients with type 1
myocardial infarction are considered eligible for the study.Method
of revascularization is decided by the operator and ad hoc
percutaneous coronary intervention is sometimes performed.
Mostly, this is a case in a low-risk patients with single vessel
disease, or in cases of ST-elevation myocardial infarction (STEMI)
or nonST-elevationmyocardial infarction (NSTEMI) patientswith
identifiable culprit artery. Nevertheless, all coronary angiographies
are assessed and discussed by a heart team, selected records are re-
consulted with a cardiac surgeon and a further revascularization
schedule is planned. For the risk stratification we use Syntax score
and logisticEuro score.Afterperformed coronaryangiographyand
confirmation of coronary heart disease with documented signifi-
cant stenosis, patients are screened andwritten informed consent is
obtained. Protocol of the study was approved by Internal Review
BoardofMedicalUniversity of Silesia. For the purpose of this study
we record demographic, clinical, laboratory, angiographic data
from patient’s medical charts, assess the presence of frailty
syndrome, measure arterial stiffness, body composition, pulmo-
nary function, and draw fasting blood for further analyses. Study
flowchart is shown in Fig. 1.
2.2. Frailty assessment with Fried frailty scale and IADL
score
We use Fried frailty phenotype score[12] and Lawton and Brody
score (IADL).[13] We recognize frailty if ≥3 out of 5 following
criteria are met[12]:
 Slowness—reduced gait speed at a distance of 5m at usual pace.
Patientmust repeat3 timesand the results areaveraged. If apatient
walks for >6seconds then the criterion is classified positive.
 Weakness is assessed with maximal handgrip strength test. It is
carried out in the dominant arm. We use electronic hand
dynamometer EH101 (VETEK AB, Sweden). Patient must
repeat 3 times and the maximal value is recorded. Test is
positive for frailty when strength is lower than 20kg for women
and 30kg for men.
 Low physical activity is assessed by Minnesota Leisure Time
Activity questionnaire. The result is positive when calorie
expenditure per week is lower than 270kcal/wk in women and
<383kcal/wk in men. We have prepared a Microsoft Excel-
based template for rapid questioning and easy calculation of all
activities and respective calorie expenditure. We are assessing
the physical activity from the recent 12 years.
 Exhaustion—self reported by a patient. It is evaluated by the
answer to 2 questions from the Center for Epidemiologic
Studies Depression Scale Revised (CESD-R) scale. Patient has
to answer following questions: “Howoften in the past week did
you feel like everything you did was an effort? How often in the
past week did you feel like you could not get going?” The
possible answers are: often (≥3 days) or not often, when the
feeling is present in 0 to 2 days. Positive answer is when the
patient says “often.”
 The last criterion is weight loss weight exceeding 10 pounds
(appr. 4.5kg) unintentionally in the past year.
Patients in whom 1 or 2 criteria are present will be assigned as
pre-frail.
The Lawton IADL score is incorporated into CSHA Clinical
Frailty Scale for description of mild to severe degrees of frailty.[14]
Moreover, even a single deficit in IADL score increases mortality
rate by 56% in a cohort of patients with heart failure.[15] We will
compare patients with no deficits (IADL score equal to 24 points)
with patients with different degrees of impairment (IADL score
no >23 points).
2.3. Fat-free body mass
Lean body mass is measured using Harpenden skinfold caliper
and Baty body assessment software (Baty International Ltd., UK).
Lean body mass is derived from patient’s height and weight using
Day 0
• Angiography
• PCI in selected paents
Day aer
PCI
• Screening, informed consent, enrollment
• Frailty assessment, cfPWV, pulmonary funcon, body assessment




• Bleeding control, renal funcon check-up, necroc markers
36 months
follow-up
• Semi-annual telephone contact
• Enpoints: death, re-infarcon, re-intervenon, hospital
re-admission, bleeding, stroke
Figure 1. FRAPICA flow chart. FRAPICA= frailty syndrome in daily practice of
interventional cardiology ward.
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3 site Jackson/Pollock algorithm.[16] The algorithm uses different
measuring sites for men and women (the sites for male subjects
are: chest, abdominal and thigh, for female subjects are: triceps,
suprailiac, and thigh). Fat-free body mass is presented as an
absolute value and expressed in kilograms, as well as in relation
to body weight and expressed in percentage. The inter- and intra-
observer variability is 14.4% and 9.1%, respectively.
2.4. Pulmonary function assessment
We use Asma-1 (Vitalograph, Ireland) peakflowmeter for
assessment of peak expiratory flow (PEF, L/min) and 1second
forced expiratory flow (FEV1, L). Test is performed in standing
position and we record the highest value out of 3 attempts. Data
are presented as actual values and percentages of predicted
values. The inter- and intra-observer variability are 9.4% and
7.9%, respectively. There is also a temporal variability up to 19%
depending on patient’s condition (e.g., patient with chronic
obstructive pulmonary diseases).
2.5. Pulse wave velocity for arterial stiffness measurement
We use pulse wave velocity between carotid and femoral arteries
(cfPWV) for assessment of arterial stiffness. For these measure-
ments we use piezoelectric mechanotransducers in carotid and
femoral sites (Complior, Alam Medical, France). This methodol-
ogy is recommended by European Society of Hypertension.[17]
The right-sided carotid-femoral distance is measured with Seca
mod. 207 height meter (Seca, Germany). Blood pressure is
measured in a supine position, after at least 5minutes of rest using
Microlife BP A1 sphygmomanometer immediately before PWV
assessment on a dominant arm. Arterial stiffness is expressed in
meters per second. We will analyze also derived variables like:
central blood pressure, central pulse pressure, and augmentation
index. Derivatives are calculated by the software from the carotid
pulse waveform. The inter- and intra-observer coefficients of
variation are 12.3% and 7.4%, respectively.
2.6. Biomarkers
Twenty milliliters of fasting blood is drawn for preparation of
blood plasma, serum, and peripheral blood mononuclear cells.
Samples are frozen at –85 °C until further analysis. All analyses
will be done after enrollment of the last patient. We plan to
measure following biomarkers: C-reactive protein, tumor
necrosis alpha (TNFa), interleukin 6 (IL-6), soluble suppression
of tumorigenicity protein (ST2), klotho, galectin3, pregnancy
associated plasma protein A (PAPP-A), telomere length and
telomerase activity, specific miRNA (e.g., mir-122-5p, miR-126,
miR-133, miR-16). Soluble ST2 will be measured using Aspect-
Plus ST2 Test (Critical Diagnostics, California, USA). Its
sensitivity limit is 12.5ng/mL, recommended upper reference
limit is 35ng/mL. Total coefficient of variation is 14.2%.
2.7. Study outcomes
The outcomes are designed to answer the following questions:
effectiveness of revascularization, its safety, and the overall health
of study population in 36-month long follow-up. We consider
effective revascularization as complete supply of blood to all
ischemic territories of coronary tree, obtained either percutane-
ously or surgically. In some cases of multi-vessel coronary heart
disease and percutaneous revascularization we allow the
revascularization to be performed in staged procedures. In such
cases, the effectiveness will be assessed after final procedure. The
assessment will be carried out by 2 independent operators by
visual evaluation of final angiogram. Any discrepancies in
assessment will be resolved by consensus. Any functional or
alternative imaging assessments, like intravascular ultrasound,
optical coherence tomography, or fractional flow reserve are left
for operator’s decision and will be added to our records.
In the category of procedural safety we will assess peri-
interventional myocardial infarction, contrast induced nephrop-
athy, and bleeding. Periprocedural myocardial infarction is
defined according to description provided by Thygesen et al.[18] It
is characterized as “elevation of cardiac troponins >5 99th
percentile of upper reference limit occurring within 48hours of
the procedure plus either evidence of prolonged ischemia (20
minutes) as demonstrated by prolonged chest pain, or ischemic
ST changes or new pathological Q waves, or angiographic
evidence of a flow limiting complication, such as of loss of
patency of a side branch, persistent slow-flow or no-reflow,
embolization, or imaging evidence of new loss of viable
myocardium or new regional wall motion abnormality.”
Contrast induced nephropathy is defined after Parfrey et al[19]
as “increase in the serum creatinine concentration of>25%, or of
>0.5mg/dL within 48hours after the administration of the
contrast agent.”
Bleeding is definedafter Smith et al[20] as“blood loss at the site of
arterial or venous access or due to perforation of a traversed artery
or vein requiring transfusion and/or prolonging the hospital stay,
and/or causing a drop in hemoglobin >3.0g/dL. Bleeding
attributable to the vascular site could be retroperitoneal, a local
hematoma >10cm diameter or external.” Bleeding from non-
access sites like intracranial hemorrhage, gastrointestinal, or
genitourinary blood loss will be recorded either to ascertain safety
of antiplatelet or anticoagulation treatment in frail patients.
For the assessment of overall patients’ health we will monitor
3-year mortality, either all-cause and cardiovascular, re-infarc-
tion, re-intervention, stroke, new-onset heart failure, any hospital
readmission, and a combination of all above mentioned. The 36-
months long follow-up is based on semi-annual telephone contact
with patient or designated family member.
2.8. Risk stratification and treatment planning tools
The leading rules used in designing the treatment plan are these
described in European Society of Cardiology respective guide-
lines.[11,21,22] For precise risk stratification we use the following
scores:
 Syntax score I and II—www.syntaxscore.com[5];
 Logistic Euroscore 2—www.euroscore.org[6];
 GRACE 2.0 score—www.gracescore.org[23];
 CRUSADE bleeding risk score—www.crusadebleedingscore.
org.[24]
The final results of each score will be compared between frail,
pre-frail, and non-frail patients and will be used for modeling of
the outcomes hazard ratio in the follow-up.
2.9. Echocardiographic assessment of left ventricle
geometry and function
We assess left ventricle diameters, volumes, systolic and diastolic
function according to American Society of Echocardiography
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guidelines for chamber quantification.[25] We use Vivid 7
Dimension echocardiographic machine with integrated software
(GE, Horten, Norway) for measurements.
2.10. Statistical analysis
First, we use descriptive and comparative statistical methods to
describe the incidence of frailty among symptomatic patients with
coronary artery disease and provide extensive characteristics of
frail elderly coronary heart disease population. Two-way
analyses with P< .05 are considered significant. Second,
Kaplan–Meier analysis of survival and Cox’s proportional
hazard analysis will be used for the identification of variables
predisposing for outcomes occurrence. Selection of appropriate
variables will be based on results of comparative and descriptive
statistical analysis. Variables of significance <0.1 will be entered
into uni- and multivariate Cox modeling.
According to the data reported by Central Statistical Office of
Poland (www.stat.gov.pl), in 2013 the number of deaths from
cardiovascular diseases ranged from 2226 to 3086 per 100,000
inhabitants over 65 years of age. These data allow to predict the
occurrence of approximately 100 deaths in the study population
during 36 months of prospective observation. Power of study
based on the mortality data is presented in Fig. 2. The other
endpoint is the incidence of new-onset heart failure. In our
observations (unpublished data), the incidence of symptomatic
heart failure in STEMI-treated patients after myocardial
infarction was 16.3% in 12 months. Considering that patients
with STEMI infarction will be around 100, we assume at least 45
new episodes of cardiac failure over a 36-month period. These
assumptions were necessary for reliable Cox proportional hazard
modeling—10 complete observations are required for a reliable
estimation of 1 variable. The ancillary analyses will be performed
for different subgroups depending on demographic or clinical
presentations and we will analyze either crude or adjusted
data.[26] All analyses will be performed in Statistica 12.5 (Tulsa,
Oklahoma, OK) licensed to Medical University of Silesia.
3. Expected results and possible pitfalls
We expect to obtain results which will be evaluable in 3
categories: cross-sectional, baseline demographics, short-term
longitudinal results of interventional treatment, and long-term
follow-up results on adverse cardiovascular outcomes. We hope
that we will be able to distinguish several clinical groups of
patients, according to frailty status and relevant to procedural
risk, like low-risk, medium-risk, and high-risk, or relevant to
patient’s clinical benefit. The major possible pitfalls of the study,
that we must be aware of, are as follows. Our study is a single
center, thus the extension of our results to community dwelling
population or patients of other races will require discussion.
Second, we are recruiting coronary artery disease patients only,
but substantial proportion of them will have concomitant heart
failure. Heart failure associated diminished functional capacity
may mimic or be a true component of frailty. Heart failure in frail
elderly patients may be considered as inseparable triangle.[27] At
the same time, active angina may also limit patients’ gait speed
and result in over-diagnosing of frailty. In the population of truly
pre-frail patients, stressors such as disease exacerbations, or
hospital admission may result in dynamic transition to frail
status. Thus, we must be aware of primary and secondary frailty,
and its dynamic nature.[27,28] We have diligently applied Fried
frailty score as the most evaluator-independent and reproducible
tool to assess frailty and compare its distribution with other
populations.
4. Discussion
We do hope that FRAPICA trial with its prospective,
observational design, and control of many variables will clarify
Figure 2. A plot of study power versus type I error for the sample size of 1000 patients and 2 different 1-year mortality rates.
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several issues and the results will be readily transferable for
clinical practice. We use 2 different tools for frailty assessment:
Fried frailty scale requires accessory equipment (hand dyna-
mometer, stopwatch, computer for leisure time activity calcula-
tion) for patient evaluation, while IADL score is ready for use
equipment-free assessing tool. Each of the tools will be used for
risk stratification separately and in combination. Their predictive
value will be compared at the same time. Apart from these scales,
we have several additional variables which will be used for
supplementary characteristics of frail elderly patients and will be
integrated into risk stratification model enabling decision making
in this population of patients. The clinical data which we assume
may prove important for risk assessment would be evaluated
routinely as an evidence-based daily clinical practice. To our
knowledge there are only few previous publications dealing with
results of interventional treatment.[4,29] The researchers from
Mayo Clinic have used the same Fried phenotype frailty
assessment tool, but have limited the study population to elderly
patients who underwent percutaneous coronary intervention.We
aim to analyze 2 other patients’ populations either: this treated
surgically and this treated medically.
Complimentary measures of cardiovascular status and body
composition will be helpful in better characterization of frailty.
Arterial stiffness is more and more often distinguished as a
measure of cardiovascular status.[30] It may precipitate symptoms
of angina with insignificant lesions within coronary arteries, or it
may lead to occurrence of diastolic heart failure in elderly
patients.[31] Measurement of arterial stiffness, as a simple and a
non-invasive method, can be easily applied at patient’s
bedside.[30] Of note, increased pulse wave velocity in elderly
patients indicates increased risk of adverse cardiovascular
outcomes.[32]
Mechanisms implicated in the development of frailty syndrome
include impaired function of the immunological,[33] hormon-
al,[34] and endocrine networks.[35] This results in a formation of
catabolic environment, in which muscle decomposition domi-
nates, ending up eventually in sarcopenia.[36] We suppose
that extensive data on patients’ lean body mass, left ventricle
mass, geometry, and function, will allow to elucidate further
the phenotype of frailty. It is of note, that we will have the data
on elderly patients with symptomatic coronary heart disease—
a sample completely different from a community-based
population.
5. Conclusion
FRAPICA trial will improve understanding of the associations
between frailty syndrome, cardiovascular system diseases, their
invasive treatment and short and long-term outcomes. It will
allow for more individualized assessment of risk and will identify
new goals for interventions.
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